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F4-9 ANAPPROXIMATE MODEL FOR VERTICALPOLARIZATION AND
1140 SURFACE ROUGHNESS USING THE PARABOLIC EQUATION

Herbert V. Hitney

Troposphenc Branch, Code 543

Naval Command, Control and Ocean Survelllance Center, RDT&E Division
San Diego, CA 92152-7185

An approximate methad is prescntcd that allows vertical polarization and sea surface
roughness effects to be included in parabolic equation (PE) radio wave propagation models
This method was implemented in the hybrid Radio Physical Optics (RPO) propagation
model, and several companisons of RPO results to waveguide results are presented.

The simplest and i_stest running PE models use fast Fourier sinc transtorms. These
models give exact results for horizontal polarization, but only approximate results for
vertical polarization. In addition, there is no known simple mcthod to correctly simulate
rough sca surface effects in PE models using sine transforms. For low clcvation angles,
waveguide models show vertical polarization and rough surface eflects to be important
primarily for surface duct or surface-based duct conditions, because of the strong interaction
between the ducting and reflecting mechanisms. The method presented here is an empirical
model that makes simple adjustments to the PE mcthod for ducting cases, such that the PE
results match the waveguide results.

The PE mcthod is modified to account for surface-inicraction loss by multiplying the
magnitude of the lowest PE ficld value by a factor between 0 and 1 just prior to cach PE
range siep. Comparisons of this lechnique show remarkably good matches to waveguide
results, provided the proper loss factor is applied. Several methods have been used to deter-
mine the appropriate loss factor based on the modified refractivity profile for the duct. The
figure below shows propagation loss versus height for a strong evaporation duct for the
cases of horizonta) and ventical polanzations over a smooth sea, and for vertical polarization
over rough seas corresponding to wind speeds of 10 and 20 mcters per second.
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